Coagulase-negative staphylococci (CNS) are isolated commonly from bovine 23 milk and skin. Their impact on udder health and milk quality is debated. It has been 24 suggested that sources and consequences of infection may differ between CNS species. 25
M a n u s c r i p t
Introduction 46 47
The role of coagulase-negative staphylococci (CNS) as etiological agents of 48 bovine mastitis has not been fully elucidated and previous studies in this area have 49 yielded contradictory results. For example, some researchers regard CNS as an important 50 cause of bovine mastitis (Pyörälä and Taponen, 2008) , while others consider them minor 51 pathogens with limited impact on milk quality and udder health (Schukken et al., 2008) . 52
Presence of CNS is associated with clinical mastitis and with somatic cell counts (SCC) 53 that are, on average, higher than those in culture-negative quarters (Schepers et al., 1997 ; 54 Kudinha and Simango, 2002) . Increased SCC is generally associated with decreased milk 55 production (Seegers et al., 2003) but subclinical intramammary infections by CNS have 56 been associated with increased milk production (Wilson et al., 1997) . By contrast, clinical 57 CNS mastitis was linked to decreased milk production (Gröhn et al., 2004 ) and increased 58 risk of culling (Gröhn et al., 2005) . Mere detection of CNS in a milk sample was not 59 associated with an increased risk of treatment or culling for mastitis (Reksen et al., 2006) . 60
In addition to debate about the impact and relevance of CNS infections, there is debate on 61 whether or not specific CNS species are associated with the outcome of infection. A 62
Finnish study showed an association between CNS species and severity of clinical 63 symptoms (Honkanen-Buzalski et al., 1994), but a different study from the same country 64
did not show such an association (Taponen et al., 2006) . One CNS species, 65
Staphylococcus chromogenes, is thought to protect the udder from intramammary 66 infection (Matthews et al., 1990a; De Vliegher et al., 2003) , whereas Staphylococcus 67 hyicus, a closely related species, does not have this effect. CNS have been categorizedM a n u s c r i p t 9 species identification obtained with each method. In our opinion, high apparent accuracy 157 resulting in incorrect species identification is a bigger concern than limited typeability. 158
The latter alerts the user to the fact that the correct species identity was not determined by 159 the test whereas the former gives a false sense of security. Other authors have also 160 expressed concerns about false rather than ambiguous identification of CNS species by 161 phenotypic systems (Sivadon et al., 2004) . 162
Past identification errors or changes in taxonomy may contribute to incorrect 163 species identification by phenotypic methods (Carretto et al., 2005) . For example, S. felis 164 was named in 1989 (Igimi et al., 1989) and it is thought that many supposed S. simulans 165 isolates from cats that were identified before that time were really S. felis isolates 166 (Lilenbaum et al., 1999) . It is unfair to penalize a system retroactively for 167 misidentification of isolates prior to species reclassification, but once species 168 reclassification occurs, test design, isolate identification and species distributions from 169 studies preceding the reclassification may need to be reinterpreted. Until 1986, S. 170 chromogenes and S. hyicus were not recognized as different species but seen as two 171 subspecies, i.e. subspecies chromogenes and subspecies hyicus, of the species S. hyicus 172 (Hajek et al., 1986) . In studies conducted after 1986, S. chromogenes was often the most 173 common CNS species found in milk (Table 1) and other laboratories have in-house AFLP or tDNA-ILP facilities. DNA sequencing is a 258 highly portable method because material for sequencing can be shipped to specialized 259 laboratories by mail, and sequence data are routinely provided in electronic format for 260 remote downloading and analysis. There is no need for physical proximity of the 261 investigator or diagnostician to the sequencing facility. In one of our laboratories, species 262 identification of CNS isolates for diagnostic purposes is currently done by DNA 263 sequencing rather than phenotypic methods. Turnover of commercial phenotypic test kits 264 for identification in that laboratory is low. As a result, reagents tend to expire, and the 265 cost of replacing them increases the cost of phenotypic typing. By contrast, PCR and 266 DNA-sequencing are performed routinely so that reagents are fresh and CNSM a n u s c r i p t (Table 1) . 280
Staphylococcus chromogenes and S. hyicus, the two most common CNS species from 281 bovine milk, were not recognized by an early version of the Staph-Zym system, while the 282 latter three species, all of which are also important in human medicine, were identified 283 correctly (Watts and Washburn, 1991) . This is an example of the fact that most 284 commercial systems are developed for identification of human rather than animal 285 pathogens, and that the systems may not identify animal pathogens accurately. Early 286 versions of the Vitek and API Staph system also showed limited ability to identify S. 287 chromogenes and S. hyicus (Matthews et al., 1990b) . Recent work in our laboratory 288
showed that API 20 Staph and BBL Crystal tests had low sensitivity and specificity in the 289 detection of S. chromogenes and S. hyicus isolates, respectively, when analyzing 82 290 M a n u s c r i p t 15 isolates obtained in the USA from heifers around calving (unpublished data). In a second 291 dataset, encompassing 172 CNS isolates from lactating animals in The Netherlands, 292
StaphZym and API 20 Staph testing also showed limited typeability and accuracy. For 293 example, all S. epidermidis isolates were identified correctly but many isolates of S. 294 chromogenes and S. hyicus were not (Sampimon et al., in preparation). Thorberg and 295 Brändström (2000) reported more favorable results for StaphZym analysis, i.e. 94% 296 accuracy across bacterial species. They suggest that cost may be the main impediment to 297 routine use of the method. Considering, however, that accuracy of detection of S. 298 chromogenes was only 86%, even after additional tests were performed, and that S. 299 chromogenes is the most common species isolated from bovine milk (Table 1) , the value 300 of the test for routine diagnostics can be questioned. The problem of a CNS-species distribution that differs from the one found in 311 humans is not unique to bovine CNS. CNS populations in other animal species and in 312 foods also differ from those in humans (Table 2) . As a result, phenotypic methods that A c c e p t e d M a n u s c r i p t M a n u s c r i p t 
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